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1. Introduction 2, Development of N6w Simula on program
Plasma display pan€l (PDP) has gained Recenfly, we have succeeded in the

much attention for a high definition TV, since it is a development of an accelerated quantum chemical
flal, thin, and large-size display. PDP has been molecular dynamics program Colors based on our
already commercialized for public and individual use. original tight-binding theory. Since the above
However, in spite of many experimental etforts, the program is more than 5000 times faster than the
display performances are still unsatisfactory and the , regular first-principles molecular dynamics program,
lifetime of the PDP is one of the main unsatisfactory it can perform long-time simulation with ihe large
performances. Sputtering of the protecting layer by system. The validity and applicability of the above
the energetic plasma particles durlng the discharge program were already confirmed in the various
process is one of the important factors that limit the topics [4-5]. In the present study, we modify the
lifetime of the PDP. Hence, MgOthin film is regularly above a@elerated quantum chemical molecular
used for the prot€cting layer in the PDP because of dynamics program Colors in order to consider the
its high anti-sputtering and secondary electron electric fields in the dynamics simulations.
emission abilities [1-3].

The sputtering of the MgO protecting layer 3. Results and Dlgcussion
in the PDP is caused by the attack of the energetic We investigated the dynamics of the three
plasma particles. Moreover, experimentally it is ditferent MgO surfaces, (001), (011) and (1i 1) under
pointed thal the electric charges accumulated in the 0.1, 0.15, 0.2, and o.g v/ A electric' fields.
MgO surface also degrade.the pfotecting layer previously, we performed the crystat growth
under the plasma condition. However, the simulation of the tvtgO(f f f ) surface and clarified that
experimental observation of the above efiect is very MgO(i 11) surface 

-is 
not flat antl has quantum dot

difficult and the theoretical analysls is srrongty stiuciure covered by (001) and (O1i) surfaces.
demanded. Esp€cially, the information on the €ffect Henc€ in the preseni stuOy,'as a MgO(i t t) moOet
of the surface orientation of the.Mgo protecting tayer, we employed the quantum oot strrci*i *iin liir Isuch as (001), (01 1), and (1 1 1), is strongty desired, orientaiion covered by (001) surfaces.
since this information suggests the best MgO Fig. I sh'ows ihe dynamics of the
surface structure having low sputtering yield. MgO(OOi ) surface at 0.15 V/A. We can observe that
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the MgO protecting layer, which confirms the
experimental prediction on the effect of the
accumulated charges on the suface stability. Fig.
2(b) shows the final structure of the MgO(001) tsl
surface at 0.3 V/A. The evaporation of a large MgO
cluster is obserued. lt indicates that a large
accumulated electric fields significantly degrade the
MgO protecting layer.

Table 1 shows the effect of the orientation
of the MgO surfaces on the vaporization of the
atoms or clusters of the MgO surface. In this table,
"not" means that the evaporation of the atoms or
clusters was not detected, while "evap." means that
the evaporation of atoms or clusters was detected.
These results indicate that the surface orientation
greatly influences the stability of the MgO surface
and that the MgO(011) surface has lowest stability
and the MgO(l11) surface has highest stabitity.

It is expeilmentally well known that the
MgO(1 11) surface has lowest stability among (001),
(01 1), and (1 1 1) surfaces, which is against our
present results. However, our MgO(l11) model is
not real (111) surface. lt has quantum dot structure
with (111) orientation covered by (001) surfaces.
Hence, we suggests that MgO quantum dot
structure with (1 1 1) orientation covered by (001)
surfaces has the highest stability compared to
MgO(001) and MgO(01 1) surfaces.

4. Conclusion
Our new program enables us to clarify the

etfect of the electric fields on the stability of the MgO
protecting layer in the PDP, considering both the
dynamics and electronic states, which can not be
done by the previous simulation programs.
Moreover, we suggested that the MgO quantum dot
structure with (111) orientation covered by (001)
surface has the highest stability compared to
MgO(001) and MgO(011) surfaces. Finaily, we
recommended that our MgO(1 11) model is most
favorable for the protecting layer in the PDP.
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Fig. 2 Final structures of MgO(001) surface at (a)
0.20 V/ A and (b) 0.30 V/ A after the
simulation.

Table 1 Effects of the orientation of the MgO
surfaces and electric fields to the stability of
the MgO surfaces.

(001) (01 1) (1 1 1 )
0.10 V/A not not not
0.15 VtA evap.
o.20 v/A evap. evap.
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0.30 v/A evap. evap. evap.


